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ABSTRACT

Ten male volunteers were utilized in a study of the perception

of vibration. Four subjective reaction levels: perceptible,
mildly annoying, extremely annoying,and alarming were established.
The Boeing Human Vibration facility, modified since previous tests,
was used as the test instrument. Experimental controls and test
methods were determined in a preliminary study.

Subjective levels identified are generally at higher accelera-
tion values than those of previous research. Possible reasons
for the differences are discussed. Also, individual values
established at a given suhjective level are shown to be influ-
enced by the magnitude of the immediately preceeding vibration
level. Physlological effects in the main correlate with previous

findings.
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INTRODUCTION

Vibration and its effect on thne human have been of interest to
vehicle and system designers for many yesrs. The advent of high
performance, lcw eltitude, and manned space systems however, have
established incremsed interest in the low frequency, high amplitude
regions of the vibration spectrum rather than the high frequency,
low amplitude range associated with propeller systems. Research
efforis in Lusn nhave reflected this trend.

A number of studies, 3, 4, 9, 6, 7, & 8, have been performed to
determine human response and tolerunce to low frequency sinusoidal
vibration, however, results vary considerably with little or no basis
provided to resolve the differences. Suibjects have been tested
standing, seated in different configurations and lying down.
Various restraining systems have been used under a variety cf
experimental and environmental conditions. Criteria employed

have been referenced to passenger comfort, land vehicle operation,
and left completely unstructured with subjects providing their
individual interpretations. And finally, subjects have had no
control over the vibration received except to stop the vibration
procducing mechanism.

The purpose of this study was to establish & series of subjective
curves utilizing the descriptive levels of Parks & Snyder (, which
would reflect subjective response to sinuscidal vibration in the
seated position. An attempt was made to determine, through pre-
limirary terts, factors which could influence responses and to
control cr specify these factors to a point where resulting

curve positions would reflect only variations in the vibration
received.
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PRELIMINARY TE3TS

A number of preliminary tests were conducted in the vibration facility
prior to the tinal establishment of a test contiguration. These tests,
uring the investigators, facility engineers and previous vibration

test participants as subjects were for the express purpose of deter-
mining factors which could influence test results and to determine
which of several alternate methods of control would be most effective
in eliminating or reducing these influences. Summaries of test

results and selected solutions follow.

Visual Effects

Subjects ability to reference the vibrating platform to the non-
vibrating environment was found immediately to affect not only deter-
mination of threshold levels (as was suspected) but the "feeling" of
the intensity of vibration at higher levels and the repeeatability of
smplitudes for given levels on successive runs. Elimlnation of this
cuce was handled through painting the test room ssge green, color
34092, to minimize specular reflections and by eliminating all light
sowrces in the area except those from the display which vibrated
with the subject. All commands to the subject apd feedback indica-
tions of his control action were incorporated into the display to
assivre his attention to the vibrating platform. Alsc; because of a
requirement for visual monitoring by the attending physician, 8
"halo light" border was incorporated which would provide an adequate
amount of subject illumination. Thus, the subjects even 1f disposed
e dm 5o, could cee nothing in the test ares off the vibrating
nlatiorm,

Aqdivory Effects

Neisee penerated by the Lydralic pumps, lines, valves, etc. and

teble benrings were found to provide minimal cues at and arocund
sereeptible level.,  Although nnt normally noticeable, with the

nroper aot, olicht charges in plteh and low nolse could be detected

as tne vibration equipment changed from n steady to & vibrating

conve,  No cues were discernible as the vibration intensity inereased.

Elimlatin 0 audltory cuec wno accomplished In two steps: Initlally

ali “ound sourees and the test room were Insiliated with sound absorb=~
iyt omaererlilal, and secondly, roamalning nolses generated in the range
where oans were provided, wers analyzed and masked by addition of a

widlte noise,
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Kinesthetic Effects

Related somewhat to auditory effects are the problems associated
with the wearing of headphones or a belmet. In all tests made,
enything worn on the head became annoying in itself or distract-
ing to the subject during higher vibration levels. As a conse-
quence, a "hot" microphone on the panel and a horn speaker beneath
the display were used for subject-experimenter communicstions
during the reported program.

Also, 8 source of great variability in the sensation of vibration
was found associated with the seating position of the subject and
the associated seat and foot rest configurations. Seat back type
and angle and the manner in which the subject utilized it as sup-
port produced excessive variation even within the same individual.
Foot rest type and angle produced similar differences to a lesser
degree, To minimize differences a single adjustable back rest
located at about the first lumbar vertebra and an edjustable felt
covered foot rest were utilized. Adjustments were thus possible
for each subject to maintein an angle of approximately 90° between
body and upper leg, 110° between upper and lower leg and 90° be-
tween lower leg and toot.

A single lap belt was found most satisfactory as a restralning
device, however, differences were noted as belt tension varied.

An edjustment mechanlism was this incorporated whereby tension could
be set at a pre-determined level. Thirty pounds was selected for
use in the tf'inal tests.

Peihaps Lhe most significant of the preliminary test findings was
that concerning the control of the vibration input. It was dis-
covered that 11 the subject were allowed to directly control the
severlity of the vibration encountered, spprehenzion concerning the
test and equipment was nearly c¢liminated and levels could be
established "much more accurately” than by any of several other
methods trled and used In previous programs. Means were therefore
provided whereby the rnubjects could control esmplitude within pre-
determined limits at sny selected frequency.
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METHODOLOGY

Experimental Subjects

Subjects used in the experiment were ten male employees of the
Airplane Division ot the Boeing Company. Nine of the ten were
new to vibration research; the tenth had participated in several
previcus studies. All subjects were selected through a screening
process which included a comprehensive physical examination to
assure excellent health of the experimental group. Age, height
and weight ot the subjects are listed in Table I.

TABLE I

Experimental Subject Data

Sub ject ége Helght Weight
1 28 ) 200
2 29 h 215
3 31 [p! 170
b 30 T0.5 174
y) 31 69.5 150
{) Ly o] 158
! 31 &6 155
H 32 67.5 170
9 L2 &7.5 169

Vivratlon Apparatus & the Vibration Environment

The: Bocin: Humen Vibratlon facillty (Flgure l) wan used to provide
thie vibratlon t'or this prosrum. The facllity is that described in

n previous document (reference 2) with at least two noteworthy
moditleas Lone and Lmprovementa.  Prior to thin study there had been
evidenes tpat mechanlcal and hylraaddis properties of the equipment
were Introduoclns distortion into the plue wave output of the vibra-
tion table primarily through ‘table triction. Modifleation of the
table guldez to the continuess race tnll type and rework of the
contrel syustea resalted in oomue, Improved system,




Entrance and emergency area

Experimental & Medical Monitoring
Station (One-Way Observation Window)

Vibration Platform (Chair & Console
Mounted).

Observation Area (Three One-Way
Viewing Windows)

Equipment Qperator's Station (Signal
Generation, Feed back, & Monitoring).

(Separate subject preparation and
interview room not shown)

FIGURE 1. BOEING HUMAN VIBRATION FACILITY
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Vibration Conditicns

The frequencies used 1n this study were the same an those used by
Parks & Snyder : 1, 1-1/2, 2, 3, 4, 5, 6, 8, 10, 12, 1k, 16, 18,
20, 23, & 27 eps. Amplitudes from zero to thnse necessary to pro=-
duce selected acceleration limits were possible. Limits were
established prior to the start »f the tezt and were selected to
avold possible baodlly harm to sublests.  3ince limits of physio-
logical tolerance were nunt to be consldered, maximum possible
acceleratignc were cet, below thnure establiched by Ziegenruecker
and Megid ©. The limir utilized for each frequency used is listed
in Teble II.

THB.E 1I

Table Annelers:.lon Limi's

Frequersy (2ps) Meximum "G" Proslble

»

H

[y

~

n
ear O

-
—
~

.
-

HE W
TNV W
[¥a

n

1k
16 « 27

-
-

N
-
™
-
wWwRNHE MDD

Vibretion Fidelity

Fillelloy of whe vlvealon Lnp.t o tne Sab]een 2an be earngldered
ns exnellens, luplacemern:, waye formo owere lrddlsslep lonable frem
sLperinleset pare olne waven 8l eacn {raquenny, Wit anceleration
weere rma newr weriect gt and ebore LD ocpn. From Lo thrn ot 9 oopn
nonalorntlon wares snowed lintreion wenerally lecs tnan 2.1 and
feam , o nor s Ly onpn Inocoe rense 004 L L}%. For raleranne
parpacens sanple aceclern. Lo waye Uormn ol cacn freqienty ure

Lroalcled Lo Aprendalz Ae o Dogevinpoeod slne Weiren see soodn for
1omperlion. Displacenents ere lrn 'eco;s o0 dn.ble amplic .de (DA).
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Test Configuration

An 1llustration of the overall test statiorn configuration is shown
in Flgure 2. A specially designed seat was utilized to provide pro-
per sublJect poeition, with reinforced plywocd inserts covered with
approximately 3/4 inch hard felt uszd in preference to seat cushions
or parachute packs to assure fidelity of the vibration received by
the subject. For back support an adjustable 4 x 8 inch felt covered
support was provided near the region of the first lumbar vertebra
(Figure 3)., The support proved not only extremely comfortable

but also elicited a natural response of sitting erect. A felt
covered adJustable foot rest was also provided which permitted ad-
Justment of each subject to the desired seating position. Subject
restraint wes provided by a single lap belt, the tension of which
could be set at any desired level (Figure 4). Thirty pounds was
used throughout this test.

The subject display and controls used in the program are shown in
Figures 5 & 6. The display contained the four descriptive terms
referencing the levels to be established which could be illuminated
separately as required by the experiment, and "up" and "down" arrows
which provided feedback indications to the subject concerning his
control action in increasing or decreasing vibration amplitude.
Amber illumination of either arrow indicated "slow' change (80 seconds
from O to maximum amplitude) and white illuminatior referred to
“rfast" (LO seconds for totel travel). The remaining portion of

the display remained lighted at all times during the test to pro-
vide lhe subject illumination required for monitoring by the attend-
ing, prvsician (Figure T).

The aniy controls utllized by the subject consisted of pistol type
hand grips held in each hand. Each grip contalned a three position
"trigger" switch at the index finger locatior and a thumb switch
located or. top (Figure £). Depression of the right or left hand
tripgger switches respectively, increased or decreased vibration
amplltude, moderate depression producir.g the slow rate of change
and hard depressiorn evoring the fast. In eacl. case, the appropri=-
ate irdication appeared orn the subject display. Whern neither
switet. was beirg activated tre arplitude remained corstart, and

in the evert of similtareous depressiorn, thre "dowr' command auto-
mutically took precedence., The right hard thumb switch was used
by thre subjects to irdlcate whern ar 1ndica<ed sublective level was
matcled by the exlsting vibratlorn ard served both <o rotify the
experimenter of such a ra%tch ard to auitomatically record, via oscll-
lograph, the acceleratiorn beirg produced. The left tlirb but+on



FIGURE 2 EXPERIMENTAL TEST STATION CONFIGURATION
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FIGURE 4

RESTRAINING BELT ADJUSTMENT
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VIBRATION CONTRCL HANDLES
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was a cut-off switch and i1f pressed for any reason would immedi-
ately stop all vibration. Use of this switch was not requlred on
any test during the reported program. Switches were color coded
to preclude inappropriate actuation.

Control of the command indications given subjects, communication
control between subject, experimenter sud equipment engineer, and
monitoring of subject pulse, EKG, and table acceleration were accomp-
lished at the experimenter-physician station (Figure 8). Data
recording and equipment set=up were pertformed at the equipment
operator's station.




FIGURE 8 EXPERIMENTERS STATION
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Testing Sequence and Procedure

Approximately one week prior to the start of testing, experimenters
and the prinecipal investigator met with subjects to define and orient
all involved perscnnel with the program, its purpose and individual
responsibilities. Copies of initial subject instructions (Appendix
B), program schedules, and sutjective level definitions were pro=-
vided subjects at this time,

In the test program all subjecls were given nine sesslons during
each of which eight levels (each of the four subJlective levels two
times) were identifled at each of four vibration frequencieun, The
firat test segsion for each subject was used for familiarization

to procedures and the facility, with data not utilized. The remain-
ing elght were divided into bLwo test zerles. Eaoh series provided
two readings of all levels at each of the sixteen selected frequen-
clea. Frequency presentation and level establishment sequences

were randomized and counter balanced in all ceses.

An experimental seasion was comprised of the following sequence of
sventa:

(1) ‘''he subject was glven u pre-test physical exaninatlon.
(2) DBlectrocardiogram contactn and leade were attached to the
pub jeot, .

(3) Subjeat donned rlight coveralls and took his powation in
the facility.

(4) Restraining belt was net at the prencribed Lension and EKQ
leads were connected,

(5; Inatrustions and level definltions were read Lo the dubjent.

(6) A group of fnur tests (four frequoncies) wnd de-briefingo
was administered.

() Sub)oct was given a pont-tast physiocal, coffee and doughnutims,

n compoaite dee=briellng and was dloninsed for the day.

A glivou test sequence (utep 0) Involved the ostablishment of each of
the four subgeetive vibration levels twice at o preselected fraquency.
The mubject, when posltioned and ready for Lhe teat, would be pro=
nonted ne of the levela through {llumination of the sppropriate
portion ofF the dlaplay and would sdjunt the vibration severity

Lthrough bl controls Lo "mateh" that lovel. When aatisfied that the
vibratlon wan uubjeetlvely oqual Lo the definltion provided, depres-
nion of the right hand thumb "event." butlon recorded the vibration,

wid cued the experimontor to indioate Lhe next level., Approximetely
two wevondn were lnvolved ln Lhe data recording and new level meleo-
tion procens with no interruption of' vibration between levels
required,
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Between tests, three to five minutes were spent collescting commenta
concerning physiological and psychologlcul response to the vibra-
tion. Four tests were completed each session with sessions require
ing approximately forty-five minutes to complete. Four sessions
were scheduled each tLest day with the restriction that no subject
encounter vibratlon on successive days. A physician monitored all
tests.

Data Utilization

Data taken durlng the experiment consisted mainly of acceleration
curves recorded on su oscillograph. Fow chanrels of information
were taken from accel erometers mounted on the underside of the seat
surface; two vertical (at different scale factors to provide accurs
ate readings regardless of level and for cross=check purposes);

one lateral; and one longitudinal. Data from gsimilar accelerometers
mounted on the vibrating platform and continuous -table position

were recorded by electronic pen for back-up and additional cross
check. All curves were read pesak to peak and referenced to a1l g
base,

Utlllantlon of the data was for the moat part descriptive in nature.
Because of a common tendency to command the table to "meximum"
amplitude (pre-established safety limits) prior to the identiflca-
tlon of' highor levels al some frequencles and the consistent pres
nence ol one or Lwo atyplcally high scores at all frequencies,
medlan seores were utilized to establiash subjective curves. Loss
f dala due to predatermined table limita precluded use of subdbject
ronng, Posl=tegt quastionnaire date were uned to determine the
phynlologleonl effects of vibration and to assure continued subject
nnderolanding of level definitlons.
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RESULTS

Subjective Response Curves

The subjectlve cwurves established in the progrem may be seen in
Figurea 9 & 1O, Filgure 9 shows the curves on a linear scale;
Figure 10 shows them with logarithmic relation to velocity,
acceleration, and double amplitude. As may be seen in Figure 9,
the "perceptible" level curve maintains within a margin of measure-
ment error & constant acceleration level throughout the frequency
range tested (approximately .05 g). However, the remaining levels
in ascending order approach the shape of the ghort time tolerance
curve established by Zlegenruecker and Megid “, with differences
in accelerstion values between adJacent curves at any frequency
above 8 cps opproximately equal.

Medians and their respective 20th and 80th percentile curves for
each of the subjective levels established on each of the two series
of tests are shown in Figures 11 through 14, It may be seen from
these Figures that vibration "experience" produces an effect pri-
marily at levels 1 and 4. At the "perceptible" level subject vari-
ability was markedly reduced on the second series of tests and at
the alarming level a conslderably higher intensity of vibration

was required to evoke an "alarming'" response. At both "ennoying"
levels (2 & 3) noticeable changes produced by the prior experience
were restricted to the frequency range above approximately 20 cps
where slight upward shifts occurred during the second test series,

During test monltoring two apparent influences on the level of
vibratlon selected by subjects Lo represent a glven definition were
noted: 1) the relative severity of the immediastely preceeding

lrvel eutablished (m higher remponce mude when preceeded by a higher
intenoity); and 2) the relative ponition the identification of a
particular level in the series occupied (first ve. second estsblish-
ment. ol Lthe level). Tests of thene phenomena showed the first,
l.0., Lhe reletive intenslty of the lmmedlately preceeding level to
have n hlghly oigniflcant effect (p<.00l) and the second, i.¢., a
nerien geyguence effect Lo be not only non=significent but non-
uxistent,
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Explanation of the difference which proved significant can immedi-
ately take two forms: 1) that the direction from which a level is
approached is responsible; and 2) that the subjects frame of refer-
ence is varied as a function of the immediately preceeding vibration
level encountered. With the method of vibration control utilized

in thils program preference is for the second of the possible explana=
tions. SubJects had the prerogative in these lests of approaching
any level of vibration from either direction merely by going "through”
the specitied level by means of the controls provided, reversing

the coutrol and approaching from the opposite direction. Most
subjects, did in fact, apparently prefer to approach all levels

from lower amplitudes or by use of self-established bracketing
techniques. (No cues concerning a preferred method were provided

by the experimenter). A frame of reference concept on the other
hend, similar to Helson's "adaptation level" iheory 1, seems both
plausible and appropriate to the type of perception required by this
study and would adequately account for the noted variations of
subjectlve experience.

Comparisons of the curves esteblished in this program with those of
similar research are shown in Figures 15 through 18. An unexpected
drop in the "perceptible" level at the low end of the curve becomes
apparent on the logarithmic scale of these figures. This drop is
probably due to the detection of vibration harmonics present at the
low levels of the 1, 1-1/2, snd 2 cps frequencies. (See Figures 20,
21, and 22, Appendix A).

Figure 15 shows the relationship of the curves to the short time,
one minute and_three minute tolerance curves ci Ziegenruecker, Magid,
& Coermann 5, 8. As 1s evident in the illustration, the subjective
response curves spproach the shape of the short time tolerance curve
as intenslties and the corresponding judgements increase. Also, it
should be noted that both subjective levels 3 & 4 (extremely annoy-
ing end alarming) at certain frequencies have acceleration levels
higher than those established previously as one and three minute
tolerence limits. With the random presentation of levels used in
the program and the average time of approximately one minute uced

by subJects to esteblish each level, most subjects actually were
above the one minute tolerance level for perilods in excess of that
specified. The apparent discrepancy can be explained by exsmination
of test methods. Whereas, 1n the Magid et al., studies subjects
were subjected to & constantly increasing vibration to a preselected
peint at which they remalned for the required duration, subjects of
this study had personal control of the vibration received. If
vibration became too severe, they could decrease it at will, and

a5 such, knew at all times whet levels of vibration to expect.

Thus, there were no premature cut-offs and apprehension was markedly
reduced.
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Figure 16 shows the response curves in comparison to those of
Goldmanu 3. In all cases, the curves derived in this program are
displaced significantly upward from those assimilated from other
sources 1ln Goldman's report. Reasons for the differences can not
be delinitely slaled, however, several logical possibilities are
present.

Initially, the subjects of this study were isolated from the vibra-
tion platform, both at the body and foot contact points, by 3/L

inch hard felt and were denled visusl reference to the non-vibrating
environment. Also, subjects were instructed to reference the levels
established only to a personal reaction to the vibration itself,
purposefully disregarding reference to riding comfort or an opera-
t1.ual situmtion. And again, subjects had Individual command over
the vibration inputs. Lack of any of these experimental conditions
was found in preliminary tesis to unnecesscarily reduce 1ndividual
estimates of the deslred vibration effects.

Comparisons of the curvese with similar ones derlved by Gorrill and
Snyder 4 and Parks end Snyder [ are shown in Figures 17 & 18. Again,
the curves of thile program are above those of the other studies,
both of which et ployed an operational oituastion in the curve deriva-
tions (hesvy millitary type control wheel and column). This fact is
prohably the predominant factor producing the roted differences with
the other experimental conditions mentioned in the previous discus=-
slon as additional possibilities.

Physlologicel Effects

A summary of physiologlcal sensations experienced by subjects in
the program may be seen in Figure 19. Scolid lines indicate areas
0. 8light pain eand dashed lines indicate a composite of other
el'fects, i.e.,, itch, pressure, tightness, etc., Little need be

sald concerning these effects since they correlate closely with
oimilar Tindings of the Magld & Coermann 2, Mandel & Lowry ©, and
Parke & Snyder T studies. One excention to the rule, hovever,
neemn worthy of mentlon; the consistent report by two subjects of
slight vertigo at 27 cps, The actual gsensation experlenced is best
expreosed by the "power on stall to the left" phrese used by one of
the subjects in hils explanation. 1In no cace was the sensatlon so
strong that asn accompanying loss of orientatlon or onset of nausee
vecurred,
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As for the remaining responses, the characteristic shift of effects
upward in the body as frequency increases is present, as are the
typical problems of gas exchange and retention. None of the effects
encountered remained beycnd a few minutes after individusel test
completion.
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SUMMARY AiD CONCLUSIONS

Goldman, Ziegenruecker & Magid, Magid & Coermann, Gorrill & Snyder,
Mandel & Lowry, and Parks & Snyder have all established curves
reported to be representative of man's psychological or physiclogical
reaction to the vibration environment and yet each set of curves,
glthough in agreement as to critical frequencies, varies significantly
from its counterparts in absolute value. This research program was
conducted in an attempt to delineate and resclve some of the differ-
ences of these studles through specification of possible contribu-
ting factors and the use of identifisble experimental controls.

Preliminary studies were conducted to determine the effects of
numerous environmental factors and experimental techniques on the
subjective reaction to vertical vibration. Results of these tests
were utilized to eliminate or minimize identified adverse interven-
ing variables in a final study which established four subjective
reaction levels; perceptible, mildly annoying, extremely annoying,
and alarming, in the range of 1 through 27 cps.

Subjective levels identified are generally at higher acceleration
values than those of previous studies. Possible reasons for the
differences including the contributions made by results of prelimin-
ary studies are discussed. Also, individual values established at

a given subjective level are shown to be influenced by the magnitude
cf the immedistely preceeding vibration level. Physiologicel effects,
in the main, correlate with previous findings.

At least two findings in addition to the expected results of the
program become evident in review of the research effort.

1) Preliminary tests prove of inestimable worth to sn experi-
mental program. In this study, lighting method, auditory
cues, seating position, restraint method and force, and
method of vibration control were all found to very consid-
erably the dependent variable with no change in the inde-
prendent. A much higher degree of confidence can be afforded
program findings as a result cf this relaetively small addi-
tional effort expended prior to the start of the final tests.

2) Detesiled experimental and control techniques must be reported
if results in an arewa are tc be expected to correlate with
similer resesrch findings. Even velid results are impossible
to Interpret without the specificatlicon of possible interven-
ing variables and the control vondizlons under which they
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were obtained. Of perticular importance in vibration
research 1s the vibration input actually recelved by the
subjects of the study. Definition by merely frequency

und acceleration (or displacement) are insufficient.
Veriations in wave form, and system 'noise" in form of
harmonles of the fundamentel frequency, can have appreci-
able effect upon the individuals reaction to the vibration.
Sample acceleration curves of each of the test frequencies
used in thils program are included in Appendix A.




D3-64Th
Page 35

APPENDIX A

TABLE ACCELERATION WAVE FORM SAMPLES
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SUBJECT INSTRUVTIONS

In your
wirl b
~t the geneartiron o .
valuable to tne design ers]
under vibratory snvironoe

will be asked i identily

the accompanylng sheet.

It should be noted that the labels praovided are meant only to serve
as indicaters of the deriniticns to whicn you will f£it the various

vibration intensities The descripticn sivern may not it your cwn

perscnal 1nterpretat10n of the labels. In this case, we are asking
you, for the purpose of this test, to make zure you understand the

given definiticn and work toward it disregarding the label.

You will notice that in each definition the word "you' appears,
and with zocd reason. What we are looking for is your interpreta-
tion of the defined intencities, not what you think would be true
for others. Also, for this reason we regquest that you not discuss
among vourselves any of the levels or conditions of vibration
Individual reactions are required if we are tc¢ accomplish our
objcctives.

During the test sequences you will be presented, by means of a
visual display, a label referencing tne definition to which you
are t2 adjust the vibration intenszity. You will have zontrol of
the racility and will be able to increase, decrease, or maintain
any vibration intensity within facili<y limits. In each test each
identitication will be made twice, bu: order of their appearance
oo test (o test. Alsc, since the vibration mechanism
r "axety and eguipment reasons, some freqguencies may
the inteusity reguired for cne or more of the
tlese instances, where you reguest through your
evyel beyoni equipmernt capability, nctification to that
€ made by tne exrerimenter and a new definition will
You will “hen priceed with the new adjustment.

Crmiril L7 Lie 2ility is accomplisnied by means of two pistel type
E ; a uwy position "trigger"
swizer tor ke iniex finger and & thumt act:ated push button
iy i “op. Te trigger switch rols upward and downward
TeLie movement rewpectively witn the right and left hand. Hard

L pripr uc;u 1 willhies hiated.  Dac




. N LI : A
- P w -
- - ] 3 TR .
FOEERN Tl P - i UL A UL
PUNFRPEPRIE S4 4 SN Ul A 3.8 ie i v 1ies M I i
TSoIVL AT i ol e v o1 . eerp L
. - L T -
B LN S E TALraliln.

i ome s g e
LT onand o

ide U the dicniay panel 13 an arrew pointing
. Tnis owill te ill;mina:ed an amber color when yodu actuate the
oornand switzn o oincrease vitration antensity. When the
swizon i pressed in rard, *- use lhe hisher rate «f change,
oo oaorow illuminavion will bte whiite. The down-pointing arrow
- 1o ' i the pmel provides vhe .ame indications
Trroce lel hand control while deereasing vibratlion intensity.

r~

5»

3 b4 iiisimente, we are interested in those
“adgements or feelinss only with rezard to vibration as a sensa-
“iin and noT witn respect to your experienicing this as an environ-

: v d vnine else. Thus, do not react to the
i facili;y 25 a simdator and judge its characteristices
as i yo . were periorming some x<ina of task or operation. Consider
itration only as a stimulus In its own right, keeping your
whe lishted panel. Do not try tc evaluate
L LLmPAre LOweld wy telating your movement Lo any fixed object in
ire grea. Ve wany yIur wrtiased opinion as to the effect you
‘romothe Tibra f

Sy 'v')\ﬁfey‘er1 —~

Py SR S99y (9381

jeel . it relps - concentration to close
Gh.r osver, tniz io permiscitle. 17, a' oany time, you cancot find

< Celirel Vitranlion censmtisn, Ticass notify the experimenter
arni e Wil TrIfcer WLINL UL et Cter.

e b Tyene T e oy e s
Daiiw Ziviens Ini-r.o T
Tl e T Timesdar 2r ooy exTerimental vecnniques and there-
Toree o ominae ) Qlasczentes Inovoor re:;its, ceveral items of
IoorTente ot e It Lot e ceviowsl Rrilr to oeach test

sErnloo. W resiice v, cave neart and remexber most if not all
Ton o diters Ueerelovmevis ooecsT U0 we a3k yoor irdulzence in

Tl TeTLoW,

JOR 2ot ,  foosLrne, Itomn lerccaniing P othe four levels
coovitcs lonoowolTooowoo. Llentlly omtoennn Irej.ency and we hLave
wrlier . veview Trele st e Itart I eacih nelt perisd.



b Perrepitle ol oy wvibretion
3% I the ceale, th;s
first veccme aware
e receliving vibration, Going down
$ “his iz the =cint gt which all sense
of vibration disappears.
2. Mildly This is the loweczt intensiiy of vibration at
arnoying which any unpleasant or annoying effect: are
felt. Below this pocint you are aware of the
vikration, but it arcuses no undesirable feel-
inge. Below this point there may even be some
pleasant acpects.
3. Extremely This is the lowest intensity of vibration at
annoying which unpleasant or annoying effects become
disturbing to a major degree and cannct be
ignored. You would prefer not tc continue at
this intensity without good rear.n.
4. Alarming This is the intersity of vibration at which

you begin to experience concern for your
Physical well-being. There is not necessarily
any pain present, but there is a distinct
desire to reduce the vibration severity.

You have misgivings about staying at this
level any longer or going beyond it.

Also, we ask that you sit erect in the chair and not try to reduce
the vibraticn i-wate *hrough tirsing or tne legs, lifting off the
chair, etc. You may, »f course, reduce the effects of vibration
rcecived through technigues of your own choosing, but we ask that
yoi don't attempt to modify what is received.

Too, we have found in previous tests that usiug the fast rates of
vibration change (hard depression of the appropriate switch), has
worked most satisfactorily when going between levels. How you
choose to approach and decide upon the exac level of vibration
which matches the definition provided is yoir choice, but we ask
that you use the fast rates between levels where large changes are
required. This is most important in reducing vibration after
making selections at the higher levels.
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ou feel matches the definiticn provided. In this event if
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FIGURE 39B
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SUBJECT #7 SECOND SERIES OF TESTS
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FIGURE 43B
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